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May 3, 1996

Thomas W.. Phillips I

Test at Fusion l.igtItfng Mbuwave RF L.'gbt. Mcdel ~alar 1Cr
Chief, Custcrner SeMce Srancb~

The subject cfevi= is an AF lightwhich 0,*__ at 2..4 tI:I 2. (;Hz. It was tasbJd far
CC1ll1pialaCZ! wiih the racfiejpd ;md line c=nrJuCBi e&tissia:wl • fer RF lights in 3edions
18.3DS(c) ancl1B.307(c).. Itwa 3Isc t8stIId far c=mpIranca the r.ufiated I!II'Iissian JimiIs
at SediCln 1B..3Q5(b) abave 1000 MHz.

The rrmimum r.acWed emislicn in 1118 30 tD 1Doo MH: • 'MIS 6..5 dB beIaw the 6mi at a
iiequBnC'1 ofE.! MHz. The maAna.arJ line r:=ndud8d .. was 6.9 dB beIaw the limit 81:
a frequency cf47& lcHz.~ 1DDO MHz1he iDalliiUD •• omerved outside 1he 2..4
fa 2.5 GHz band up tD 18 GHz was.u dB bIIfaw the limit a~I of 8372 MHz.

Within the ~4 tD 2..5 GHz band 1he maaibium i1II!IiiISI.nd
and 0.224 Vim CM!fiige at 3 mefars.
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NS COMMISSION

Dear Mr. Ury:

In regelll'd to your questions the following response Iis provided:
!

The CClmmission hn established I pOlicy for mea l.Kements taken above 1 GHz using
a spectrum analyzer wiht a resolution DandWiclth 0 1 MHz and e Video DanCSWidth of
10 Hz to produce an ;Iverage field strength valUe f r EMI measurements. Originally,
we acc:.!pted this method for AM and spread spe m measurements. However, in
order '1:1 be consistent we now also accept this pro dure for otner types of systems
inCluding FM and tne type of modulatIOn typically sed in RF lighting. Be sure to talCe
the mEl;:!surements In "linear mOde" as set on trw 5t equipment

I hope ~his is responsive to your inquiry. If you ha~e any further questions, please
don't .J!s· call. I

I'

V L111ForEJe
FCC-ClET
Customer Service Branch
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Filter Feasibility for Fusion Li hting Technology

During the course of Docket 98-42 questions have arise as to the feasibility of adding filters to
Fusion's lamps in order to reduce emissions in the D S band. Fusion commissioned Dr.
Kawther Zaki ofK.A.Z. Consulting, Inc. to investigate ow this might be accomplished.! Dr.
Zaki's study is useful from a theoretical standpoint. As practical matter, however, most of Dr.
Zaki's proposals will not work in our current lamp or y magnetron powered lamp architecture
we have investigated for future deployment. To the ext nt any of Dr. Zaki's proposals could
theoretically be implemented, the reduction in out-of-b d emissions would not be significant.
The cost to Fusion, however, would be prohibitive.

Dr. Zaki investigated two types of filters that might be ~serted between our magnetron and the
lamp bulb load. The first is a Band Pass filter designed to reduce all out of band emissions. The
second filter type is a Band Stop filter designed to spec fically protect the DARS frequency band.

I

Dr. Zaki investigated 2,3, and 4 pole Band Pass filter d signs. This study shows that the more
filter stages used, the sharper the filtration and the grea er the attenuation ofthe out ofband
signal. Unfortunately this study also shows that the ban pass filter generates ia a phase shift
between the magnetron and the load. A phase shift of ore than 10 degrees can induce magnetron
moding, a catastrophic failure condition which will des oy a magnetron in a matter of minutes.
A two-pole filter can induce a phase shift of +10 to -12 degrees. A three-pole filter can produce
over 70 degrees ofphase shift, the four-pole design is ven worse. A two-pole filter yields only 9
to 13 db of attenuation and is marginally possible whil the other two designs are not feasible.

,

The second filter type investigated by Dr. Zaki is the Br.nd Stop filter. This filter cuts out noise
only in the DARS band. This approach should have m" imum phase shift associated with it,
although we don't know how much. The maximum be efit of such a filter in the DARS band
was found to be only 15 dB of attenuation. .

!
The Band Stop filter would require the addition of at Ie' st 20cm of wave-guide and a two pole
Band Pass filter would add 19cm of wave-guide. Cons dering that our existing wave-guide is
only 12 cm. long, adding 19-20cm. will double the size of the lamp. I estimate that this will add
significantly to our cost. Moreover, unlike standard H ballasts, the RF ballast must be mounted
in close proximity to the bulb. Pole mounting such a 1 mp would be cost-prohibitive, making
such a lamp unmarketable for many significant applica ions. Fusion has taken pains to reduce the
size and weight of its light as much as possible in orde to deal with wind and safety issues.
Dramatically increasing the size of the light would not e prudent, would be expensive, and serve
little purpose.

Respectfully

! Dr. Zaki is a professor of electrical engineering at the Uni ersity of Maryland

Fusion Lighting, Inc.• 7524 Standish Place, Rockville, MD 20855 USA
Tel: 30 I 284 7200 • Fax: 3~ I 926 7258

,
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STATES GOVERNMENT

FaJERAL NllUNlCAnCNS CCMUISStON

. EMORANDUM
May 3, 1996

Thomas W.. Phillips

Test of Fusion Ligtding Mbawave RF Ugbt, Model ~alar 10 Q

Chief, Cu.mJmer .SElVice fbnctI~

The subject cfevic:l! is .n RF lightwhich 0t*-- at 2..4 to GH'L Itwas mstIId~
canapiaace will the I1'dWsd lind line c:=nduClld ellissiall • fer RF lights in Sections
1B.3QS(c} ancl1B.307(c). It..~ tBst8d far =mpiu1ce witt the r;u(1iIted emissian limits
ofSedicln 18.3Q5(b) abave 1000 MHz.

The _ ........... emiIIian in 1IIe 30 ID 1000~~ Ii.5 dB bo!Iaorthe Iimi ata
iiequenC"/ =f 46'.6 MHz. The ma=num &ne c:n:fuc::IBd -. was 6..9 dB beIaw1he limit at
a 1iequenc:y cf 47& IcHz. Allow 1000 MHz 1tIe IJJIIIfmum •• ab:served outside 1t1e 2..4-
tc 2.S GHz band up to 18 GHz MIll 4.5 dB beloW the JImit a hquenco/ of 8372 MHz.

Wfthin the 2..4 tD 2.5 GHz ta1d 1he "wa::i~ .-nd~ stIength was 1.38 Vlrft peak
and 0.224 Vim averiige at 3~ I . ! . .



olumbia. MO 21046
ax: (301) 3442050

n:http://Www.fcc.gDv
arch 5.1999

FEDERAL COMMUNICATIO S COMMISSION
Custom.r Slrvtel Brane
7435 Olklanca MUla Road.
Phone: (301) 362-3042,
E-maU: rtafOrgeOrcc.gov
FROM: Ray LaForge DATE:
TO: Michae' UlY
PAGES: 1
REFERENCE: Your inquiry

Dear Mr. Ury:

In reg211'd to your questions the following response is ~rovided:

The CClmmission has established a policy for meas", mints taken above 1 GHz using
a spectrum analyzer wiht a resolution DandWidth or 1 Hz and a Video bandwidth of
10 Hz to produce an average field strength valUe for MJ measurements. Originally,
we acc:'~pted this method for AM and spread speetN measurements. However, in
order 1el be consistent we now also accept this proce ure fOr otner types of systems
inCluding FM and tne type of modlilatton typically in RF lighting, Be sure to tal<e
the mElasurements In "linear mOde" as set on U18 test.equlpment.

, hope ~his is responsive to your Inquiry. If you have ~ny further questions, please
dO~I!~~ call.

~Gr~e
FCe-ClET
Custorner Service Branch
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1. INTRODUCTION
This is a trade off study for the design of a fi ter to be used in Fusion I s system.
The problem as we understand it can be stated follows:
A magnetron source bas its output coaxially c upled to a rectangular waveguide.
The waveguide cross section is 71.44 mm X 4 .2 mm (i.e. 2.813" X 1.700"). The
magnetron is matched to the waveguide over e frequency band of interest (2430
MHz to 2470 MHz) using a rectangular tuni g obstacle in the waveguide. The
waveguide is coupled to the lamp through a coupling iris near the edge of the
waveguide. This struetW'e is shown in Fig:tlwhich is re-drawn from the sketch
supplied by Fusion). The spectrum ofthe OU 1 signal of the magnetron contains
the "Fusion Band" 2430 MHz to 2470 • which contains all the signals
required for the operation of the lamp, and a1s~ eontains "spurious" signals in the
Digital Audio Radio Satellite (OARS) band, r-vbich may cause Electromagnetic
Interference (EM!) into the DARS receivers. J Typical measured spectrum of the
magnetron output supplied by Fusion is sh0wx1- in Fig. 2. The problem addressed
here is to investigate ways of substantially ~dUCing the spurious signals, while
introducing minirilal effects on the desired si s and on the magnetron match. It
is important to recognize that the magnetron a nonlinear device whose output
power, frequency, and stability are sensitive ~o the impedance match seen at its
output over a wide frequency band.

Two approaches arc considered in this study. [he first approach is to investigate
the insertion of a bandpass filter at the outPut port of the magnetron, in the
wa.veguide section. The bandpass fJ.1tcr requij-ements are to present an excellent
match over the desired band, with minimwn linsertion loss and mjnimum phase
distori:ion (Le. linear phase). The study ~l present trade off between the
attenuation of the DARS band \IS. the number ~fpoles of the filter, its size and its
insertion loss for the desired frequency band.1 This approach is quite feasible to
implement with confidence that the practical~ achieved results will be close to
the simulations presented.

The second approach is to insert an absorp~ion matched band stop filter that
notches out the DARS band, and introduces rqinimum attenuation and phase shift
over all other bands, including the desired ~and. The main advantage of the
absorption filter is that it can present a br ad-band matched condition, thus
introduces no reactance to the magnetron. Ho ever, the disadvantage is that it is
expected the filter cannot introduce a larg attenuation to the DARS band
(probably limited to about 15 dB), it needs more components (a T-junction, a
bandpass filter, and a load), and is somew larger in .size. Furthennore, this
approach will need further detailed analysis d investigation to ensure that the
desired match can indeed be achieved over broadband. Thus it is not certain
that this approach can be rcaliz;ed successfully' practice.

2
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2. BANDPASS FaTERS TRADE OFF

We have considered three waveguide bandp~s filters of various complexities.
These arc : two pole inductive windows~ three[~ole inductive windows, and four
pole dual mode elliptic function filter of circ'far waveguide cavities. Common
requirements on all the filters are: i

Pass band: 2.43 GHz to 2.47 GHz I
Important Stop Band: 2.32 OHz to 2.3~J~Hz
Filter Return Loss over the pass band: .' .mum of 26 dB
Filter Material: Aluminum .
Temperature range: lOClC to 60°C
Interface: Rectangular waveguide: 71.44 mm X 43.2 mm

Two Pole Filter:
The theoretical simulated response of an indu~tive windows two pole waveauide
bandpass filter is shown in Fig. 3 and Fig. 4. ! The maximum insertion loss over
the pass band is .03 dB, maximum group de~ variation is 0.4 nanosec. and the
minimum attenuation presented to the DARS and is 9 dB. It is expected that the
actual insertion loss will be higher than the oreticalloss by about .05 dB. The
approximate length of this filter will be 190 , (about 7.5 Inches), and it's cross
section will be the same as the waveguide (i.e. 71.44 mm X 43.2 mm).

Thl"ee Pole Filter:
The theoretical simulated response of an inducfive windows three pole waveguide
bandpass filter is shown in Fig. 5 and Fig. 6. I The maximum insertion loss over
the pass band is .09 dB, maximum group deI'Y variation is 1.9 nanosec. and the
minimum attenuation presented to the DARS band is 27 dB. It is expected that
the actual insertion loss will be higher than e theoretical loss by about .05 dB.
The approximate length of this filter will be 2 5 mm (about 11.2 Inches), and it's
cross section will be the same as the wavegui (i.e. 71.44 mm X 43.2 mm).

Four Pole Filter:
The theoretical simulated response of an elliptic function four pole dual mode
circular TEIIl waveguide bandpass filter is Ishown in Fig. 7 and Fig. 8. The
maximum insertion loss over the pass band lis .09 dB, maximum group delay
variation is 2.6 nanosec. and the minimum enuation presented to the DARS
band is 55 dB. It is expected that the actual· ertion loss will be higher than the
theoretica1loss by about .05 dB. The appro· te length of this filter will be 145
mm (about 5.6 Inches). and it's cross section will be circular of about 114 mm
(4.5 Inches). The filter would have an intern ce to the rectangular waveguide of
71.44 mm X 43.2 mm.

Table 1 presents a SUDUIlaIY comparison of th perfonnance of the three types of
bandpass filters. Figure 9 shows sketches of the three filters showing their
approximate outline dimensions.

3
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Table 1 SUIrimary ofBandpass Pilters Performance

Filter Type Max. Pass Min. Ins. Max. Approximate Cross Section

Band Loss Over Group Length (mm) Dimensions

Insertion theDARS Delay (mm)

Loss (dB) Band (dB) Variati°Dr
(N. Sec·)1

2-Pole .08 9 .4 ! 190 71.44 X 43.2

Inductive
Windows

3-Pole .14 27 1.9 285 71.44 X 43.2
Inductive
Windows

4-Pole Dual .14 55 2.6 145 114 Diameter
Mode (circular)

Elliptic
Function

3. BAND REJECT ABSORPTION FILTER

The concept of the band reject absorption filter isj shown in Fig. 10. The idea is to
introduce aT-junction in the waveguide. In the pi,endiCUlar ann of the T-junction a
bandpass filter, terminated in a matched load. is' elude that has its pass-band in the
DARS frequency band. In the pass band of this til r, the energy leaks through it and
gets absorbed by the load. In the stop band of the ter the T-junction appears to have
a virtual short circuit on its perpendicular arm, atId therefore all the energy passes
through the straight arm. !

Although conceptually simple~ this type of band reject filter needs further study to
confum the feasibility of achieving a reasonably tOad match over a broad band of
frequency. Since the T-junction is a lossiess reci rocal 3-port network, it is known
that it cannot be matched on all three ports- owever, the introduction of the
frequency selective :fIlter, which has a load at its 0 put port, may enable the matching
of the junction and the achievement of the des' d performance. In principal the
attenuation characteristics of the two port networ consisting of the straight arms of
the T-junction should be the reciprocal of the b pass filter characteristics in the
perpendicular ann of the T-junction. Thus the pass band of the filter becomes the stop
band of the two port, and the stop band of the filter jis the pass band of the two port.

4. CONCLUSIONS

The trade off analysis performed indicates that ad~!quate rejection of the DARS band
can be achieved by inserting a bandpass filter at e output of th.e magnetron source.
preferably after the matl:hing section. The filt s studied can provide rejections
ranging from about 9 dB to about 55 dB, with ve low loss Oess than 0.2 dB). The

I

4
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match of these filters is designed to be better than 26 dB over their pass bands, which
should present good conditions to the magnetron. The approximate sizes of the fl1tcrs
has been estimated, and presented in the study.
The concept of a band reject absoIption filter w intreJduced, but this type of filter
requires further feasibility study.

5
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Approximate Dimensions
(millimeters)

4-Pole Dual Mode Filter

Fig. 9 Sketches of the Band Pass Filters Configurations IJ-Pole Inductive Windows Filter I
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Michael Ury

301-309-0783 FUS1PN Ll\:iHTING

From:
To;
Sent:
Attach;
Subject:

"Kawthar A. laid" <zalci@G1ue.umd.edu:>
<fury@bcn.net>
saturday. November 11, 2COO 3:21 PM
FiltersResponses.xIs
Filter's phase responses (fwd)

Kawthar A. zalci. Professor. Office: AVW2349
EJec:tricaland Computer Engineering Cepartrnent
A.V. Wiliams Building
University of Maryland, College Park MD 20742
qaki@eng.umd.edu>
T.:301~3874,Fax:301-314-9281

~===========~====================~==========

~-- Forwarded message ---
Date: Sat, 11 Nov 2COO 12:14:48~ (cST)
From: Kawthar A. ZSIci <~G!~...umd.edu:>
To: Michael <tYrAbcn.net>
cc: Iczaki@ieee.org
Subject: Filter's phase responses

Dear MicheaJ:
I computed the phase responses fer each of the three filters in the •
report. The lItIBched file shows these responses. Also I computed t~e phase
deviation frgm linear phase over the pas.bend for eac:h of the fllter.! I
believe that what is important for the magnetran output frequency ~d
stability is the phase deviation from linear and ngt the absolute .
phase. This is because in the ideal case the magnetron likes to se~ a
perfec;t match which means a zero attsnuation and perfect 6near p~ase
over the frequency band of interest. Please review the attached fil~
and give me a call if you have any question.
Best Regards,
===============--========--=:=
Kawthar A. Zaki, Professor. Office; AVW2345
Eledrical and Computer Engineering Department
A.V. Wiliams 6Lilding
University of Maryland, College Park MO 20742
qaki@eng,umd,edu:>
Tel: 301-405-3674, Fax: 301-314-9281
--------- -------- - ==========--~=======

1111212000
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Phase Response of Four Pole Filter
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Phase Response of 2-Pole Filter
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Phase Response of 3-Pole Filter
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Sheet1

FUSlON LIGHTING PAGE. :L:L

ConverScn for dB to gain 01" attenuation

Voltage ratio Power Ratio

rm Gain Loss !i§ Gain : Loss,-
I

a 1 1 a 11 1
0.1 1.011579 0.988553 0.1 1.0232= 0.977237
0.2 1.023293 0.977237 0.2 1.0471 0.954993
0.3 1.035142 0.966051 0.3 1.07151~ 0.933254
0.4 1.047129 0.954993 0.4 1_0964~ 0.912011
0.5 1.059254 0.~1 0.5 1.12201 0.891251
0.6 1.071519 0.933254 0.6 1.1481 0.870964
0.7 1.083927 0.922511 0.7 1.17..a 0.851138
o.a 1.096478 0.912011 0.8 1.2022 0.831764
0.9 1.109175 0.901571 0.9 1.23026 0.812831

1 1.122018 0.891251 1 1.25892 0.794328
1.1 1.135011 0.881049 1.1 1.288 0.77e247
1.2 1,148154 0.870S164 1.2 1.31825 0.758578
1.3 1.161449 0.850994 1.3

1_~
0.74131

1.4 1.174298 0.851138 1.4 1.38 0.724436
1.5 1.188502 0.8.41395 1.5 1.412 0.707946
1.6 1.202264 0.831764 1.6 1. 0.691831
1.7 1.216186 0.822243 1.7 1.47111

U
0.676083

1.8 1.230259 0.812831 1.a 1.51356 0.f560693
1.9 1.244515 0.803526 1.9 1.5A881 0.64S654

2 1.258925 0.794328 2 1.58..a~ 0.8309S7
5 1.778279 0.582341 5 3.16227 0.316228

10 3.182278 0.316228 10 1Cll 0.1
15 5.62S413 0.177828 15 31.S~~ 0.031623
20 10 0.1 20 0.01
25 17.78279 0.056234 25 316'1 0.003162
30 31.62278 0.031623 30 100 0.001
35 56.23413 0.017783 35 3162.2 0.000316
40 100 0.01 40 100 0.0001

Pace 1
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ToOI'. K Zaki
3014059281

FromMUry
413 S28 2179

Oct 25, 00

301-309-0783
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FUS1PN LIGHTING

Ref: F:ther design study

Glad we have started.

Ifyou want to talk direct1yto our expert, he is Of. TlJIllSimpson, W. 301 284 7245 and
Home 301 963 4916. He believes some sort oftrap fi1r the satellite signal may be
possible mthe waveguide, but aD. possibilities should ~e explored.

I have attached some basic dimensions for the cavity. :pata on the magnetron source is
being faxed directly to you by someone at Fusion.

The DARS band (digital audio radio satellite) is 2320 t~ 2345 MHz. For pu:rposes ofthe
study assume all ofour signal is between 2430 ad 24fO MHz. I have attached a typical
spectIum.

TDD. says we design our systems so the magnetron is;f'ed to aehieve a near perfect match
to the waveguide as seen by the magnetron. We mea e this by inserting a network
analyzers into the waveguide at the magnetron ant and effectively nmning at full
power. You do this with something called a d.yDamicl uncher made for us by the
Japanese. .

That should anow you to define the som:ce impedance,1 but we are very vague about the
load impedance. We believe the bulb is a bout 300 ohPJs with a additional uuknown
reactive component. 'We will have to talk about this a4d I wiD. get the right person on the
phone. The coupling slot and the seaonc1aIy cavity fO$ecl from transparent conducting
mesh is a low Q cavity and was empirically designed er many years. We tune to it by
adjusting dimensions to achieve optimal light output d a good magnetron match.

!

!

Again we need some possible concepts for reducing o~ EMI in the DARS band. It would
be great ifit also reduced it elsewhere, but we need to ~ow tIadeotrs.

Again. for a range ofDARS attenuation, we need esti~esof our magnetrons signals
attenWltion and phase shift vs frequency.

We will talk shortly as soon as you have digested this.
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PRODUCT SPECiFICATlONS

05/09/2001 11:47
IJCT-zs-,2li!lBI/I 1.:1; V-JOo<:

301-309-0783 FUS1DN LIGHTING

Spec No. 8018200 C
~ ~ --+---;...-.------t Page
Model No. 2M2144-M12E

4/6

Ltl

Fig.3 Typical R1ke Diagr..

Anoele supply

FUamen~ voltage
Hean anode current
Reference plane

: Single phase lUll wave
rectifier without rilter.

: 3.15 V
: 320 mA
: Antenna

~atched load ccndi~iQn

Peak anode vol tage : It •35 kV

Hean output power : 1010 WI

Frequency ; 2455 MHz

O.2S

6/31 3
NationallpgnasDnic
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PRODUCT SPECIFICATIONS Model No. 2H2~4-M'2E

FiS.S Creepage· distance

Unit mm (inc~)

I
~ - cbE .....

-e
U1 9 0 I 0In...- .

-e. Q ~I'
C N

J:I

~

:E: - 0
I

0<:""

•. 1
In <.C

tti S...-

.Magnets

Cathorc Stem

15.9MIN
(0.625)

1S.9t11N
IO.625}

Creepage oistance and clearances meet the nandi ions defined in "B.S. 3q56
section 2-33 cl:ause ·29_1"

8/3/93 ••_,,= ./n~ .... 1-
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FU::illjJN LIGHTING301-309-0783
,

Sp'!c No. 8078200 C Page 1 f 6
PRODUCT SPECIFJCATlONS Model No. 2H241&-M12E

This 5peclf'ieations is based 01'1 the Beneral R1 les of Inspection for Electron

Tub~ £D-'101 and ~he Te~bing Methods tor Con Inuous Uave Magnetrons £0-1501

set by the Electronic Industries Association r Japan (EIAJ).

Desal"'iption Continuous wave masnetron
(Fhl!!d Freq~ency, Paakqed ·Magnet,.
pro~e OutJ:iut)

Outline Refer OUtline Drawing I Net " "iSh!; I Apprex. O.9kE

ibm Pi oL
(t) (2) (')

Item E.f tic ebm Ib Ta Tp 'fa S~rage ,

Absolute Unit V sec kV mAde A kW - .c, °C ·C ·C

Maximum 250
11

) 12(4)
Ratings Max. 3.5 - 1.1.1 370 1.3 1.5 11 350 60

Hin. 2.8 ·0 - - - - .. .. .. - ..30

Standard Test (ll 3. '5 3 320
MAX

Conditions 1 - - - ,.1 - .. .. ..

Test Specifications
Tut Test

(1) Limi\;
Test Item (8) Method Condit:.i""s ISymbol lNominal Unit

(ED-1501) ,- Hip. Male.

....
~.q. 1 Ne unusual phenomenon

Vibration - .. . oecur
Eb::10kVcic

Brealcdo"f1'l Voltage 14.2 or 7 .1kVac: BVat No unusual phenQRlenon
oceur

t=60s
lit

14.1.1.Filament Current: tlc=120s It 10 8 12 A

Peak Anode Voltage 14.3.1 (6) ebm 11.35 4. tS 4.55 leV

Average Outpu.t POller ( 1). 4.3.3.1 (6) Po(1) 1010 960 1060 W

Fr-equenoy 14.3.4 .. !. 2QS5 2iJIJS 2ij65 MHz
1"11

Load Puling Figure 11.3.6 aL=1.5 rpl 10 .. 15 MHz
Character

iJI.3.7!sUe. Sink Phase aL=1l AsinkiAII 0.211 .. - -,.
c::rL:2, 3 ,4

Stability Moding (4) 4.3.11.2 ST No mCldingt=60s occur

EmiSSion ~ing (2) 14.3.11.3 Its5s,E.r=2.5V Elm

~~~~~~=al Frequency 4.3.15 aL;~ Sl - - 1 mW/or?-
r;t
SUl"ge Volt.age - (7) - - - 10 leV

Insulation - 1kVdc Rat - 1000 HO-,

Lire Test - j!{.5.1 - t - 500 . - h

•• Ivariat:ion Ratlil (13)

Life Test'
lagainst Average 11.3.3.1 Po(l) - - 20 %
bUtout Power i 1)

End Point
Stability 4.3. "1.2

aL=2,3,lJ
511Moes1ng (1) t~Ei03

No mClding occur

8/3/93 I I I I I
I T I I I NationallPanasonic
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Planar CommunicatiolltS Corporation
I

Comparison of Lamp and DARS Ter~estrial Repeaters Emissions

Introduction

This analysis compares the radiated signal strength pfterrestrial repeaters in the satellite
Digital Audio Radio Service (DARS) frequency baIjld with those ofRF Lighting (RFL)
Sources.

Analysis

Measured data ofthe radiated emissions ofthree RfL sources (lampS)l, indicates that the
radiated electric field strength at a distance of3m fitom the lamp in a 1 MHz bandwidth in
the frequency range of2320-2345 MHz, based on tjhe average of3 measured values, is

E1amp (3m) =67 dB f.!V/m *' 2.24 mV/m.
I

The power flux density (Pfd) for a field strength of~ V/m is given by, If/ = e2/Zo Whrl,
where Zo::::: 377 Q/square is the characteristic impe<jlance of free space. In decibels, the
lamp flux density at a distance of3m is:

lJ'tamp(3m)=10 log (0.002242/3~7)=-78.8 dBW/m2

The power flux density from a terrestrial repeater d,epends on its transmitter power,Pt
watts, the antenna gain, g" and the distance from tli-e antenna, d meters according to:

If/repeater(d) =ptgl(41«f).

The flux density at distance, d, in dBW/m2
, is:

lJF,.epeater=10 log (p,gJ-10 log :(4tt}-1O(n) log(d)

lJF,.epeater=EIRP-10. 99-~O(n) log(d)

EIRP is the equivalent isotropically radiated power~ i.e. the dB sum ofthe transmit power,
Pt=10 log(PJ dBW and the antenna gain, Gt =10 Idg(gJ dBi. The "path loss" exponent, n,
indicates the rate at which the signal decreases witlt distance. For propagation in free
space, n=2. For propagation in an urban environm$t, this exponent is usually taken as a
larger number, ranging from 2.7 to as high as 6 to account for shadowing and reflections
from buildings and other obstructions2

•

While a more rigorous analysis would include stati$ical information such as the
percentage ofusers having a signal that is above a ,iven threshold level for a distribution
ofusers at various distances from repeaters and lanjlps in various urban environments,
useful comparisons can be made on the basis ofthel simple exponential model defined here.

I PCTEST Lab, Columbia, MD, Product Evaluation Report, Manufacturer: Fusion Lighting, Inc., RF
Lighting (6 Lamps), Test Report SIN: 18A.201102546.FLI, ovember 3,2000. While 6 measured values
are shown in the report, Fusion Lighting contends that the ost recently manufactured ones are the most
representative of lamps that will be manufactured and deplo ed.
2 T.S. Rappaport et ai, "Propagation Models", The Commun cations Handbook, J. D. Gibson, Editor-in­
Chief, CRC Press, Boca Raton, FL, 1997, pp. 1188-1189.

13407 Bartlett St., Rockville, MD 20853 (T) 301-460-J402, (F) 301-460-904, (M) 240-447-3384
dan_difonzo@planari:om.com
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ater at
gure 1

further
dBi).

. comparison, values ofthe exponent ofn=2, n=3, and n=4 are chosen. It is
that the transmitter antenna has a numeric2~ gain, gt, of2 (Gt=1O log(gt)=3

ofrepeater transmitter power of 1 kW, 10kW, and 40 kWare examined.

h case oftransmitter power and exponent, tl e power flux density ofthe repe
distances is plotted to show its level relative to that at 3m from the lamp. Fi
the flux density vs. repeater distance for a tr~mitterpower of40 kW.

Repeater and Lamp Flux Ys. DistE nee From Repeater

Repeater TlW1SIIIit Flower=40kW
0.0

-10.0- -20.0 "'-N !IIIIoo..
~< -30.0 n:

E -40.0 '"~ -50.0 '-.
m ...........
" -60.0 A- '" =3
~

-70.0
-80.0 _3l.. -- - - --,----

'" .........c ~.O 11-• ....... ............ -~

c -100.0
~ -110.0
u:: -120.0 .. -",

-130.0
.

-140.0

0 1 2 3 4 5 6 7 8 9 10

RepeaterDistIDee (Ion)

For this
assumed
Values

For eac
VarIOUS

depicts

Figure 1. Repeater and Lamp compafson for a 40 kW Repeater.

I

Figure 2 depicts the comparison for a 10 kW tran+er and Figure 3 shows the
comparison for a 1 kWrepeater. I

I
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Repeater and L..-np Flux vs. 0" From Repeater

Repeater Transmit Fower = 10 kW
0.0

-10.0

-20.0 "-
-30.0

,
R rn= 2- --...

COOl -«l.0< ,E
-50.0

~ "-m -60.0 I

."
\ '" Re IMtiItern=3- ......

>. -70.0
_\.- -:-:t:

lit -80.0 -- ,- - - . . -- . -- . -c ,• -90.0
__n

Q

"->C
-100.0~ ..............ii: ........-110.0 -- .......
-120.0 . n-
-130.0

-140.0
0 1 2 3 456 7 8 9 10

Repeatero~nce (kin)

Figure 2. Repeater and Lamp Compar son for a 10 kW Repeater.
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Repeater and Lamp Flux vs. Dist ance From Repeater

Repeater Transmit Power = 1 kW
0.0

-10.0

-20.0

- -30.0 "N "-< -48.0 .....
E ........... Rep~clter I =2
~ -50.0

'-In -60.0'0 "'-->- -70.0
~- 1.__

·iii -80.0 ~-- - - ---, --- . - --- --c \.CD -90.0C ,
)( -100.0::J """- ~epE I8ter n =3u:: -110.0

-120.0
..............."---""---

-130.0 n 1=4

-140.0
0 1 2 3 4 51 6 7 8 9 10

I

Repeater Di+nce (km)

Figure 3. Repeater and Lamp Compa rison for a 1 kW Repeater.

Impact

One measure ofthe relative impact ofthe lamp inte rt'erence into the DARS repeater
signals would be to determine the distance from the repeater within which the repeater
signal is greater than the lamp noise by a given fact ~r.

The factor depends on the transmission parameters or link budget, ofthe system
Consider a system with a ratio ofsignal carrier pov. er to thermal noise power, given by
C/N =10 log(c/n) dB, in the absence ofinterference. An uncorrelated interfering noise
power such that the ratio of signal carrier power to interference power CII = 10 log(c/i),
will degrade the ratio ofsignal carrier power-to noise plus interference power according
to:

c/(n+i)=[(c/n)"l + (~/i)"lrl

C/(N+I) = 10 log(cl n+i» dB

Figure 4 depicts the net C/(N+I) vs. C/N for severa~ values ofCII. For example, a system
with C/N = 10 dB that experiences interference sueIh that CII = 10 dB (i.e. the signal
power is 10 times that ofthe interference) would hi ve a net C/(N+I) of7 dB. This would
reduce the net link margin by 3 dB. The severity of this impact to system performance
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C/(N+I) or EbI(

DARS Repeater and L

such as availability and signal quality would depend n the system transmission parameters
and receiver characteristics.

Planar

18.00
'0 16.00
t 14.00
Z12.00
~w 10.00
~ 8.00

~ 6.00
z 4.00a 2.00

0.00
o
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~~~:::::~-14:::..__----12-::::::.__-----10E::::::=------.
en 'dB)
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C1N or EblNo

hich would require coordination ifthe
em, it must be noted that the lamps

other satellite system. Therefore, the 10
statistical impact ofthis spatially non­

less severe than that ofa ubiquitous

While this level ofinterference is greater than that
interference were to come from another satellite
are not ubiquitous, as would be the signals :from
dB level may not be unreasonably high because t
uniform interference on overall availability would
interference source.

Table I summarizes the repeater distances for eq flux densities and for the case where
the interference flux density is 10 dB below that 0 the lamp for n=2 and n=3 and for
repeater powers of I kW, 10 kW, and 40 kW.

Figure 4. Impact of Interferen e on Total C/(N+I)

Based on Figures 1-3, one useful metric for the impact is the repeater distance at
which the repeater flux density is equal to that oft e lamp. At closer distances the
repeater signal is stronger than that ofthe lamp.

Another criterion could be the distance at which th repeater is stronger by a specified
amount. While that must be determined by a care I examination ofthe system
transmission parameters, a useful example is the c for which the interference power is
10 dB below that ofthe carrier (CII=1O dB).
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Table 1. Summ .ry
Repeater Power (kW) 1 10 40 1 10 40

Repeater "path loss" I I I 3 3 3
expment

Repeater distance at 109 346 ~91 2.3 4.9 7.8
which lamp and repeater
flux densities are equal
(kID)

Repeater distance at 35 109 219 1 2.3 3.6
which repeater flux
density is 10 dB higher
than that ofthe lamp
(km)

~1·~·bo _
Daniel F. Difonzo,
President
Planar Communications Corporation
31 May 2001


